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CHAPTER I 
UTTRODUCTIOK 
"The addition of he, t to a substance frequently results 
in a temperature rice whose magnitude depends on the nuss and 
(i) 
en a specific property of the substance-. 
The following equation is a statementM in differential 
form, of the above quotation! 
dq - mc at 
dq = infinitesimal quantity of heat added 
m = mass of the substance 
dt = infinitesimal temperature rise 
c = a constant 
The constant, c, is defined by this expression and is 
called the "specific heat*. The product, mc, has been termed 
"heat capacity" but usage of the two terms is interchangeable 
and will be so used in this paper. 
The constant, c, depends oil the manner in vvnich heating 
takes place ano is characteristic of the substance involved, 
Two useful conce.;ts of c are G\n, tne heat capacity at constant 
pressure, and Cv, tne neat caracity at constant volume. 
";e may then state: at constant ressure, 
dp = m Cr, dt 
In a similar manner, a mean specific heat at constant 
pressure, Cp, may be defined by: 
— q 
°P " ~m (ti - tx) " 
for a finite quantity cf heat aaaed which causes a finite 
temperature rise. 
Inspection of this equation shows that a weighed sample, 
to v.hich a measured quantity of heat is added and the tempera-
ture rise measured, provides a means of determining the value 
of the mean specific heat at constant pressure. If the temp-
erature rise is small, then we have approached the value of an 
instantaneous specific heat. 
Specific heat data are a very important tool in many 
thermodynamic calculations. The thermodynamic functions of 
entropy, enthalpy, and free energy can readily be expressed 
as functions of temperature with accurate specific neat data. 
Calculation of heats of reaction, free energy changes^ and 
various relations between thermodynamic functions are some 
of the uses of these data. 
The purpose of this paper is to describe the construc-
tion and testing of an apparatus for determining values of the 
^ 
mean specific heat at constant pressure of solids and liquids 
over small temperature ranges between 0°C and 15G°C. 
The sample of solid or liquid may be weighed fcery 
accurately ..nd the change in temperature may also be measured 
with a comparable accuracy by use of a resistance thermometer 
or thermocouple. However, the measurement of the exact 
quantity of heat ado'eci to a substance is mucn more difficult. 
It is extremely diffiealt to prevent the escape of neat from 
a body and the degree of accuracy attainable an calorimetric 
measurements is largely deoendeiit on minimizing this loss of 
heat and estimating those losses that cannot be eliminated, 
Probably for this reason, the control of heat losses deter-
mines the varicas names a plied to calorimeters; e. g., ice, 
JouleTs twin-type, vacuum-walled, convection snield, aneroid, 
adiabatic, et cetera. 
The adiabatic type functions on a prinicple of the 
Second Law of Thermodynamics; viz., there Will be no net 
change of heat between two bodies at the same temperature. 
The sample is surrounded by a shield, electrically heated 
or otherwise susceptible to temperature control, which is 
maintained at the temperature of the sample, 
The adiabatic calorimeter which will be described 
can be used to determine specific heat.; ana heats of transi-
tion of solids ~Jid liquics in the temperature range from 
0°C to 150°C. The absolute accuracy of specific neat 
4 
measurements as determined in the range above room tempera-
ture was oZ. Some modifications can improve this accuracy 
to better than 2$„ Inaccuracies due to neat losses have 
been minimized and at present constitute only about one-
tenth of the total error. 
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CHAPTER I I 
GttlM'EKAL D I D C ' L ^ I O U OF THE 
ABIABATIC TYPE CALORIMETER 
(2) 
White reported that the first use of the aaiabatic 
method was by Person in 1849. Considerable work on this 
(2) 
method /as done by T. W« Richards following 1909, ms work 
appears to have brought the aaiabatic method to the fore 
and many investigators began using variations of the original. 
The introduction of the adiabatie metnod allowed 
larger air gaps (between calorimeter and shield) to be em-
ployed safely and thus lessened the errors due to thermal 
leakage. 
The control of the temperature of the aaiabatic shield 
was done in various ways. Neutralization of alkali by acid 
allowed an easy method of heating. The rate of heating could 
easily be determined and controlled. 
Another obvious method was the use of not water in 
the adiabatie jac&et. In this method some automatic control 
of the hot water flow by the calorimeter temperature was used. 
Electric heating of the jacket or shield has been used 
extensively. It Is particularly convenient and allows complete 
enclosing of the calorimeter can. Other methods encountered 
m 
Salter P. white, The Koaern Calorimeter. The Chemical 
Catalog Co., Inc., (1228), pl!6ff. 
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difficulties in producing liquid seal;; particularly for the 
tor. The liquid had to be stirred in order to maintain a 
uniform temperature, and. trie liquid chamber had to be avail-
able for stirring mechanisms, 
Further minimizing of heat losses due to convection 
was obtained by evacuating the air gap between calorimeter 
can and adiahatie shield. Use of electric heaters through-
out .,nd. thermocouples for temper, ture measurement makes it 
possible to completely and easily seal off the entire appara-
tus, and permits the maintenance of a ni._.h vacuum space which 
completely surrounds the calorimeter can. 
(3) 
Southard and Andrews constructed an adiabatic calori-
meter for use at low temperature. A calorimeter can maoe of 
gold-plated copper was suspended inside an adiabatic shield 
and the shield and calorimeter can placed in a large glass 
tube which was connected to a vacuum system. A oewar vessel 
filled with liquid air surrounded this assembly. 
The calorimeter can was heated by an internal lattice* 
work of platinum-iridium wire ana tern] erature changes were 
measured using a copper-constantan thermocouple mounted on the 
outside of the can. 
The shield was a copper cylinder, heated by a constantan 
heater. Automatic control was used on this heater by a sensi-
tive mirror galvanometer which operated a photo-electric-cell* 
I (3) 
John G. Southard ana Donald H. Andrews, J. FrariKlin 
Inst., 809, 549, (1930) 
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relay device. A copper-constantan difference thermocouple 
between the can and shield actuated the galvanometer. 
Results consistent to about 1/2 percent were obtained 
in measurements on toluene and benzene. 
(4) 
Southard and Bnckwedae used a vacuum calorimeter 
with an electrically heated shield to determine the heat capa-
city of naphthalene from 14° to ?C0° K. A thermal shield 
heated by three separate electrical heaters com.ietely enclosed 
the calorimeter can. An outer jacket enclosed the entire 
apparatus. The space between the inner caaorimeter can ana 
the outer Jacket was connected to a high vacuum system. A 
refrigerating bath of liquid air or liquid hydrogen was used to 
maintain low temperatures. This ty: e of calorimeter performed 
very satisfactorily ana was especially good in measurements 
of slov: thermal transitions since a constant, small thermal 
head could be maintained between the inner can ind ae.iabatic 
shield, 
In June, 1946, Dr. w. T. Ziegler of the Georgia Tech 
Engineering Experiment Station completed the cesign of the 
aaaabitic calorimeter presently to be described. He incor-
porated the most desirable features of the aforementioned 
calorimeter types, and added some new features. The electri-
cally heated adiabatic shield is used and an additional 
(4) 
John C. Soutnara n c F . G. Erickvredde, J . Am. Chem. Soc. . 
5 5 , 4&78, (1933) 
"stabilizer" shield protects tne adiafcatic snield from heat 
loss and ma^es for more ease in maintaining zero temperature 
differences around the inner calorimeter can. None of trie 
preceding calorimeters were used above 25°C. The present 
tiesisn is intended for use up to 150°C. 
(5) 
More recently Stow and. Elliot have described an 
adiabatic calorimeter before the lilth meeting of the American 
Chemical Society at Atlantic City, ITe,; Jersey. Their instru-
ment consists of a sterling silver can suspended inside a 
silver adiabatic shield vvhieh is in turn SUE ended, in a brass 
can. The entire assembly is placed in an oil bath and evac-
uated. A platinum resist nee thermometer-heater was 
placed inside the calorimeter can and the temperature deter-
mined by use of a Mueller bridge. A photo-electric-cell-
relay device in conjunction with a galvanometer and a pair 
of difference thermocouples controlled the temperature of the 
adiabatic shield. Heat capacities with a precision of is 
percent in the range of 50°C to 250°C were determined. 
It is well to point out here that these two designs 
vere made independently ana. are apparently the first attempts 
to utilize this type ox calorimeter at temperature above 25°C. 
(5) 
Frederic S. Stow, Jr., and J. II. Elliott, Analytical 




The calorimeter and. accessory parts will be considered 
as three systems for purposes of clarification in discussing 
their construction. These systems will be: calorimeter 
assembly, vacuum system, and electrical control systems. This 
chapter will deal only with the calorimeter assembly and vacuum 
system. The controls will be discussed in a later chapter. 
The calorimeter assembly consists of the calorimeter 
can, the copper adiabatic shield, the aluminum st fbilizer 
shield, the outer can and insulated boy.;, and their integral 
parts. Figure I shows the general details of the calorimeter 
assembly. A :enaix A, Figure 10, is a photograph of the 
various parts. The cans and shields are all closed cylinders. 
The calorimeter can is surrounded by the copper adiabatic 
shield, these two being in tarn surrounded by the aluminum 
stabilizer shield, and all three are then surrounded by the 
outer can. This entire assembly is then placed in an in-
sulated box. 
The calorimeter co.n, L, which contains the sample, is 
made of copper and the entire surface was gold plated by the 
Southern Electro Plating Co,, 15 Elliott St., S. #«, Atlanta, 
Ga. It is cylindrical with a removable top. The dimensions 
are: 1 1/8TT diameter, 2 1/8" long, and 0.03<i,! v>. all thickness. 
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LEGEKD FOE FIGURE I 
A. 3/4" diameter Inconel tube to Vacuum System 
B. Monel Ferrule 
C. Outer can (Vacuum Jacket) 
4" Seamless Brass tube 
0.040" wallj 8" long 
E. Stabilizer Shield 
o" Aluminum tube - STT long and 0.065" wall 
Inside surface has bright finish 
F. Suspension Wires 
G. Thermocouple "''ires 
H. Adiabatic Shield 
2 1/8" Copver tube - 4 5/16" long and 0.040" wail 
Inside surface lias horror finish 
J. Thermocouple junction 
K. Pure Tin Soldered Joint 
L. Calorimeter Can 
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The volume of the can is approximately £4 ml. It was fabri-
cated. and then vacuum tested for leaks. No leaks '•<ere detected. 
Inside the can. are copper fins, Mj in two sections 
which aid in heat transfer ana in the isaintenance of a uniform 
temperature throughout tae sample which is placed here. The 
top section is removable and the bottom is brazed With Harmon 
and Bandy Easy-Flo brazing alloy to tne thermocouple well in-
side the can. There are 8 fins which radiate outward from the 
center. They measure G.010?? thick with a micrometer. 
The top can be removea to insert or remove the sample 
and is soldered on vacuum tight with a pure tin solder joint, 
K, to a rnonel metal insert on tne calorimeter can. Pure tin 
solder is used to permit temperatures up to >00°C. The top 
is fitted with a £ mall tube that way be used to fill the can 
with helium gas which furnishes an inert atmosphere ana also 
conducts heat better than air. In the center of the top is 
a hook to which a #88 B. and S. gage nicnrome wire is attached. 
This wire suspends the calorimeter can from the top of the 
copper adiabatic shield. 
Inside the can a small tube extends upwards from the 
bottom approximately one-naif of the length of trie can up 
through the center. This is the thermocouple well. On the 
upper end of this tube, inside tne can, a cop er-coastantan 
thermocouple is soldered with pure tin somer; trie leads of 
tne thermocouple go out inside this tube through the bottom 
of the can. 
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Around the outside of the can, midway between top and 
bottom, is a band of exposed metal; i. e., no heating wires 
are wound here. On this band one junction of a difference 
thermocouple is attached* Thus difference thermocouple is 
between the calorimeter can,. L, ana the aaiabatic snield, H. 
A heating coil is wound on the exterior of the calori-
meter can. This coil consists of one layer of #3g B. and S. 
gage D. N. (nylon) enameled constantan wire which is coated 
with Eakelite lacquer B and baked at 150°C for thirty minutes. 
There are ninety turns total from which two pairs of leads, 
#32 B. and S. gage D. S. enameled copper wire, are taken, one 
pair for current measurements and the other pair for potential 
measurements. The bottom half of the coil has 57 turns of 
heating wire and the top half has £5 turns. This coil has a 
resistance of approximately 125 ohms. 
The calorimeter can, less wires but including top and 
vane s, veig hs 60.8 grams. 
The adiabatic shield, H, completely surrounds the 
calorimeter can. ^his shield is made of copper tubing, with 
removable top and bottom, and is electrically heated by three 
constantan heaters, one on each end and on the body. Difference 
thermocouples between the body and each end, and between the 
calorimeter can and body of the. shield supply the information 
which is used to control the heaters. The three separate 
heaters are used to permit some flexibility of control in case 
non-uniform temperatures result. 
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The adiabatic shield is a gold-plated copper cylinder. 
The gold plating is 0.QC1" thick. The dimensions are 2 1/8" 
in diameter, 4 3/16" long and has a 0.40" thick v.all. The 
adiabatic shield less wires weighs A18.5 grams. The top weighs 
SI grams, the bottom 26 grams, ana the body 161*5 grams. The 
top and bottom may be removed by removing small screws which 
hold them in place. At the bottom of tne shield are two slots 
in the side to permit oassage of thermocouple ana heating 
wires. At the top is another slot in tne siae for the same 
purpo-se. 
The inside surface of tne shield has been polished to 
a mirror finish. This was done to reduce heat transfer by 
radiation. The outsiae surfaces of both calorimeter can 
and adiabatic shield were also polisned but the installation 
of tne heating coils has made the finish sometliing less than 
that of a highly polished golu surface. 
Three spacers of baKelite com osition Keep tne calori-
meter can centered radially inside the adiab .tic shield. As 
shown in Figure I, these spacers nave a pointed eud ana in 
contact with the calorimeter can. 
The heating coils on tne exterior of tne main body of 
the adiabatic snieldare made of #50 B. and £. ga0e ?. IT. 
enameled constantan 'Aire and A^s approximately 110 turns in 
a single layer. The coil is covered v.ltn a generous film 
of Bakelite lacquer B. 
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The top heater is made of ff£6 B. and £. gage D. N. 
enameled constantan wire. It is installed in the approximate 
form of a flat helical coil and has a resistance of 26 ohms« 
This coil is lacqaerea to the exterior of the top with Bake-
lite lacquer B. 
The bottom heater is quite similar to the one on the 
top. It is made of #36 B. anc a. gage D« IT. enameled con-
stantari wire ana has a total resistance of JU ohms. The 
resistances of the heaters are approximately proportional 
to the masses Which they heat. Tnis was uone to permit 
series operation of the heaters if it became desirable to 
do so. 
The constantan wires from every heater are spliced to 
#5a B. and S. gage D. S. eaameled copper leads near the end 
of each coil. There are three difference thermocouples in-
stalled on the copper adiabatic shield. Tney are made of #32 
B. and S. gage D. S« enameled cop:er wire and #32 B. and S. 
gage D. M. enameled constantan wire. The junctions are 
soldered with pure tin solder. One difference thermocouple 
is installed with a junction on the inside center of the top 
and inside tne body approximately halfway between top and bottom. 
Another difference thermocouple is similarly installed on the 
bottom and the body. The third difference thermocouple is 
placed with one junction on the inside of trie adiabatic shield 
and the other junction on the outside of the calorimeter can, 
16 
halfway between top and bottom on each. 
The Junctions were attuned as follows: The metal sur-
face is lacquered with Bakelite lacquer B. Then a small and 
very thin mica washer was placed on the metal surface from 
which a small cop] er pin protrudes. The thermocouple junction 
was lacquered and dried. The Junction was again lacquered, 
placed on the mica washer and covered vwith another mica washer. 
Thus the mica washers ;ere cemented to the junction by fresh 
lacquer. Then a metal brass washer, the bottom surface of 
which has been ] reviously lacquered, was nela dovtn firmly on 
the junction as it was soiaerec. to the co; per pin with pure 
tin solder. Care was taken to prevent the thermocouple from 
coming in contact with any exposed metallic surface. It is 
necessary to prevent electrical contact between the junctions 
and the metallic parte of the aaiabatic shield because there 
are several such difference thermocouples and if short circuits 
developed than the junctions v.onld be connected by a copper 
conductor, the adiab ,tic shield body, in audition to tne con-
stant an aire and the thermocouple characteristics would be 
variable and. unknown. By using the above method of installation, 
it is felt that electrical contact is elimin .ted by the Bake-
lite B lacquer and the thin mica sweet aile reasonably good 
thermal contact is established. 
The adiabatic shield is suspended by three #28 B. ana 
S. gage nichrome aires, F, fthich art attached to the outer 
edge of the top of the aaiabatic shield ana the top of the 
aluminum stabiliser which surrounds it. 
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All the thermocouple ana heating wires which go to 
the adiaDatie snield ana the calorimeter can pass four times 
around the -;diabatic shield and thence to the heaters and 
thermocouple junctions, respectively. Heat loss "by conduction 
along the wires is minimized in this manner. 
The calorimeter can and the copper adiabatic shield 
are completely surrounded "by the aluminum stabilizer shield, 
E, a closed cylinder of aluminum tubing which is also electric-
ally heated. The dimensions of the shield are: 3n in diameter, 
6n long and 0.065" wall. 
The top and bottom may be removed by removing SLIS.11 
screws which hold them to the main bouy of the shield. The 
top has a 2" diameter aluminum ring fitted on it. This ring 
is 5/8T! wide and is electrically heated by a #32 B. and S. 
gage D. M. enameled constantan wire heater which is wound 
around the top of tne ring. There are two turns of wire whose 
total resistance is 9 ohms. Ail the wires going into the 
calorimeter assembly pass once arouna tne aluminum ring as 
they enter the calorimeter assembly. The vires are lacquered 
to the aluminum ring with Bakelite lacquer B. A copper- con-
st ant an thermocouple is placed on the top of the aluminum 
stabilizer shield, inside the ring. This thermocouple measures 
the temperature of tne top of the shield and furnishes infor-
mation for the control of tne top heater which is maintained 
at the temperature of the calorimeter can. Tne ring serves 
as a thermal dam to prevent appreciable heat leak along the 
wires. Around the edge of the top are three equally spaced 
holes to which are attached small wires which support the 
aluminum stabilizer shield, from the top of the outer can. 
The body of the shield has a heater of #32 B. ana S. 
gage D. N. enameled constantan wire. There are eight turns 
from top to bottom and the total resistance of the .lire is 
b2 ohms. This neater is held in place with Bakelite lacquer 
B and baked. 
Both heating coils on the aluminum stabilizer shield 
are connected to $52 B. and S. gage D. S. enameled copier leads. 
On the outside of the shield near the bottom are three 
equally spaced bakelite pins with tapered. points which serve 
to center the aluminum shield radially inside the outer can. 
On the inside of the shield, ,.nd similarly cl.̂ ced, are three 
like pins which center the eopi er aaiabatic shield in the 
radial direction inside the aluminum stabilizer shield. 
A copper-constantan difference thermocouple which has 
one junction the outside of the copper aaiabatic shield and 
the other junction on the insiae of the aluminum stafcilizer 
shield acts as an indicator for the control of the aluminum 
shield heater. The temperature of the shield may therefore 
be maintained at the temperature of the calorimeter can. The 
thermocouple junctions are attached in the same manner as the 
difference thermocouple junctions on the copper aaiabatic 
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shield; i.e., electrically insulated from the metal surface 
but still in relatively goon thermal contact. 
The bottom of the -aluminum shield has no heater. It 
is easily removable by removing three small screws. When the 
aluminum stabilizer shield and the bottom of tne copper 
adiabatic shield are removed the calorimeter can may then be 
dropped down out of the assembly by loosening its wire hanger. 
The top of the calorimeter can may be unsoldered mid the sample 
changed. The heating and thermocouple aires attached to the 
calorimeter can ma the adiabatic shield bottom are m .ue of 
sufficient length so that these parts may be removed for this 
operation without aisconnecting any vires. 
The outer can, C, is a cylindrical brass cast; which 
completely encloses the calorimeter c,n, the copper adiabatic 
shield, and tne aluminu..,. stabilizer shield. It is made of 4n 
o. d. seamless brass tubing, is 8TT long and has a. 0.040" thick 
wall. 
The top is soldered on the outer can ith ox-dinary soft 
solder and is a vacuum tight seal. In the center of the top 
is connected a 3/4M Inconel tube, A. i monel ferrule, B, is 
brazed to the top with Harmon and Handy aasy-Flo brazing alloy 
and the tube is brazed to the monel ferrule. All of tne electri-
cal leaas pass up through this tube from tne calorimeter assembly. 
The low heat conductivity characteristic of Inconel metal makes 
its use desirable. Heat losses along this connection from tne 
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calorimeter assembly to the 7acuum system is tnereby minimized. 
The Inconel tube connects tab space inside the outer can, with 
the exception of the space inside the calorimeter can, to a 
-6 high vacuum system which maintains a pressure 10 mm* Hg. or 
lower. The outer can acts as the vacuum jacket for the calori-
meter assaibly. 
The insulated box in which the entire assembly is placed 
is made of s:ieet metal sides vvitn plywood to._ and bottom. It 
is cylindrical and has these dimensions: 8 1/2" diameter and 
lBn long. Inside this box arc placed rings of Ceiotex which 
act as an insulating material. The outer can Is entirely 
surrounded by at least 2" of Ceiotex. 
The Inconel tube go^s into a header eO inches from 
the calorimeter assembly. The header is rectangular ana made 
of the same material. From the header pass two 3/8" copper 
tubes 4" long and one 1/2" Inconel tube 12" long. The two 
copper tubes carry the heater and the thermocouple :rires 
which are here S1 parated into two sets for easier identifica-
tion and manipulation. The last 1/2" of the copper tubes 
are filled with Central Scientific Co. Sealstix to seal the 
opening vacuum tight. All of the wires pass through this Seal-
stix seal and taen to terminal blocks mounted just above the 
header. The Inconel tube is connected to the vacuum system 
rror-er. This is accomplished by a glass-to-metal seai mode 
vita the sa.me c ta.lstix. Figure 2 shows the detailed layout 
of the vacuum system, and Appendix A, Figure 11, is a photo-
j9}9lU}J0f0J 
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graph of the vacuum equipment. 
The vacuum system contains two glass stopcocks and 
one U-tube that may be filled with mercury. These "valves" 
are useful in "breaking" the system into smaller parts for 
the purpose of testing for any leaks that develop. Thus a 
leak may be traced to the calorimeter assembly, the middle 
portion of the system, ana roughly the last one-third of the 
system by proper manipulation of the stopcocKs and U-tube. 
Two liquid nitrogen traps are incorporated, one 
near the connection to the calorimeter assembly ana the other 
just before the mercury diffusion pump. These traps are 
placed in Dewar flasks containing liquid nitrogen. Thus 
temperatures of the order of 80° K. are maintained in these 
traps. Condensible vapors are thereby removed from the 
system making possible the maintenance of lov; pressures in 
the calorimeter assembly. Mercury is the chief vapor present 
-3 
ana its vapor pressure of 10 mm. lig. at room temperature 
would limit the lowest pressure attainable. 
A "Vorpnmpe" of the box tvpe manufactured by the 
W. M« Welch Mfg. Co., Chicago, and called the "Duo Seal Vacuum 
Pump" is used. Pressures of the order of 5 x lO-4 mm. Ilg. are 
readily attainable. The capacity of the pump is such that a 
_p 
pressure of 10 '" mm. Ilg. is reached in approximately 10 minutes 
A mercury diffusion pump which is essentially the typ<= 
designed by Langmuir is used to attain the lowest pressures 
—6 of 10 mm, Hg* or lower. 
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A McLeod gauge is used, to measure the low pressure. 
-? -7 
Its ryi.ge is from 5 x 10 ' mm. Ilg. to 1 x 10 mm. Hg. Mercury 
is allowed to rise from a reservoir by slowly venting the 
reservoir to the atmosphere. As the mercury rises it cuts 
off 504 c*c. of gas and compresses it into a capillary whose 
radius is 0.500 mm. At the same time mercury rises m a 
capillary tube vah_cn is parallel to the gauge. The difference 
in height is then the pressure of the compressed gas. Boyle's 
law may be used to calculate the initial pressure of the cut-
off 504 c.c, ana this pressure is the .ressure in the system. 
The second capillary is used to avoid error due to capillarity. 
It is necessary to be able to remove the mercury from 
the 'TcLeod. gauge bulb and capillary as well as the U-tube 
f'valve?r. A Oenco Kyvac box type mechanical vacuum pump is 
provided for this purpose. Ey manipulation of two-way step-
cocks, both tne U-tube -aae jPcLecc' <-iuge- m^y be opened either 
to the atmosphere or the vacuum pump in order to raise or 
equalize the mercury levels. 
A special high —vacuum stopcock grease of lew vaî or 
pressure has been used with ^ooa results. It is ho. 155ap-A 
Vacuum Pump stopcock grease sola by Central Scientific Co. 
Tilt; vacuum system maintains a pressure of 10" ' mm. hg. 
or lower in the air gap between the calorimeter can and the 
various shields. This small amount of air makes the transfer 
of heat by convection much more difficult ano removes a possible 
source of neat loss from the calorimeter can to its surroundings 
?A 
CHAPTER IV 
ELECTRICAL CQHTROL SYSTEMS 
All the controls and measuring instruments, exceyt 
stop watches, are electrical. The '..ires coming from the 
calorimeter assembly go to a central switchboard and table 
which contain the instruments and control devices. 
TvvO operators are necessary to make measurements md 
manipulate the controls. For this reason the controls are 
divided into a set of primary controls and a set of secondary 
controls. 
These are: 
A. Primary Controls 
1. Calorimeter can heating circuit 
(a) Fotentiometrie measurements of current 
and potential. 
(b) Variable resistors. 
(c) Stoj. v/atches for time me asurement. 
2. Calorimeter can temperature 
(a) Fotentiometrie meLsurements of copper-
constantan thermocouples located, in 
calorimeter can. 
B. Secondary Controls 
i . A C l l a O a L I C O x i l e i U 
l S (a) Variable resistors to regulste heatinj 
rate on heating circuits. 
(b) Difference thermocouple between calor-
imeter can and adaabatic snield anc 
between top, bottom,, and booa of the 
adiabatic shield as measured be gelvano 
meter scale deflection. 
2. Aluminum Stabilizer Shield 
(a) Tariable resistors to control heating 
circuits. 
(b) Difference thermocouple between 
adiabatic shield and aluminum shield 
as indicated on galvanomenter scale. 
(c) Poteutiometric measurement of thermo-
couple on to| of aluminum shield. 
A list of instruments showing their serial numbers and 
use is given in Appendix B, Table Till. 
A photograph of the switchboard and instruments may 
be found in Appendix A, Figure 1^. 
There ere four constantan and twenty-four' COT J er wires 
coming from the calorimeter assembly of v.:nich two constantan 
and one copper wires are spares. The other two constantan 
wires, one of which is connected to the thermocouple inside 
the calorimeter can and the second which is connected to the 
thermocouple on top of the aluminum stabilizer shield go 
directly to an ice /unction. The ice junction is made in a 
dewar flask which is fir led with cr icked ice and distilled 
water. A bloc^ of clear ice is used to furnish the ice in 
the ice junction. It is believed that this kind of ice is of 
L nigh purity. The constantan v.ires arc soldered separately 
to #3£B, arid £. gage D. £. enameled copper wire for the cold 
junction. These junctions are placed in two glass tubes, 
partially filled with commercial mineral oil ^nd insertea into 
trie ice bath. 
The two copper leads are then connected to terminal 
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blocks. The difference thermocouple and heating -ires r̂e 
also connected to trie terminal blocks. From this point on 
to all the control instruments, tiie v/ires are #18 B. and S. 
gage tyre P. D. 1-b^ Buna Glazed Copper. 
PRIMARY CONTROL CIRCUITS 
The primary system contains the controls for making 
the measurements of calorimeter can temperature, resistance 
thermometer current and potential measurements, current and. 
•potential measurements for trie neat audea to the calorimeter 
can, and the time of heating. 
The secondary system contains all the difference 
thermocouples, adiabatic and stabilizer shield heaters, and 
the thermocouple on top of the aluminum stabilizer shield. 
Tiie operator of the secondary circuits controls all the shield 
heaters so as to maintain zero temperature differences bet-
ween all the difference thermocouples, 
It was anticipated that the calorimeter can heater 
might be useful as a resistance thermometer in naming temper-
ature measurements. For this reason the primary set of controls 
; ere made to enable the operator to maî e current and potential 
measurements ana determine the resistance of the calorimeter 
can heater windings. 
Figure 3 is a diagram of the primary control circuits. 
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LEGEND FOR FIGURE 3 
A. Calorimeter Can Heater 
B. Resistance equivalent to Calorimeter Can Heater 
C. Volt Box 
D. Type H6 (High Sensitivity) Galvanometer 
S. Bow Sensitivity Galvanometer 
F. Main Thermocouple in Calorimeter Can 
H. Plug for connecting Potentiometer emf leads 








PRIMARY CONTROL CIRCUITS 
FIG. 3 
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Txiree double -pole-double-throw knife switches are connected 
together making in effect a six-_•. ole-double-throw switch. 
This switch controls the calorimeter can heating circuits, 
and the resistance thermometer circuits. A double-pole-
double-tlu'ow switch connects either of two galvanometers to 
the potentiometer. Two double-]; ole-double-tnrow knife 
switches have been modified so as to make three pairs of 
contacts on each switch. These contacts will be called the 
potentiometer contacts. One contact blade has been modified 
so that it may be inserted into airy pair of contacts. The 
contact blade is connected to the emf leads from the potentio-
meter. In this way the potentiometer may be quickly switched 
to any pair of cont cts for measurements. 
The six-pole-double-tiirow switch is in the down position 
during the period alien the calorimeter can is being heated. 
The calorimeter can cur-rent and potential leads are then con-
nected to the potentiometer contacts and the resistance thermo-
meter battery is connected to a ballast circuit QI' the same 
resistance as the resistance thermometer circuit. 
The calorimeter can current leads are connected through 
a twelve volt storage battery ana thence through two variable 
resistors. The circuit is ccmpleteo. through a 10 ohm standard 
resistor from which a pair of leads is taKen to the potentio-
meter contacts. The twelve volt b ttery is made by Exide, type 
10 ET̂ II. They are of 6 am ere hours capacity and nave a 
maximum discharge rate of 0.5 ampere. This battery has a 
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relatively constant discharge rate. The variable resistors 
are Jagabi rheostats. One rheostat is rated at 875 ohms and 
0.7 ampere and the other is 110 onus and 3.5 amperes* The 
potentiometrie measurement of the potential urop across the 
10 ohm standard resistor gives the current flowing through 
the resistor by dividing the measured, emf by a factor of 10. 
The calorimeter can potential leads are connected 
through a Leeds and Northrop volt box to the potentiometer 
contacts. The volt box is necessary in this circuit since 
the potentiometer can measure potentials not greater than 
1.6 volts. 
Then the switch is in the upper position, the calori-
meter can storage battery is connected to a. ballast circuit 
of equivalent resistance to the calorimeter can heating cir-
cuit and the resistance thermometer circuit is connected to 
the battery and the current and potential leads are then 
connected to the potentiouieter contacts. The resist nice 
thermometer current leads are connected to a 2 volt battery 
of the type described above, and thence through a 4-dial 
resistance box and the circuit is committed through a 100 
onm standard resistance. The potentiometei contacts are 
connected across the 100 O,JU standard resistance, which is 
the same type standard resistance described m the preceding 
paragraph. mne "otentiometrically measured emf divided by 
100 then gives the current in amperes flowing in the circuit. 
The resistance thermometer potential leads are connected 
directly to the potentiometer contacts since it is not ex-
pected that this measured emf will exceed 1.6 volts. 
The leads from the thermocouple inside the calorimeter 
can are connected directly to one pair of potentiometer con-
tacts. 
The sixth pair of potentiometer contacts are dead and 
the contact blade is ordinarily kept in these contacts when 
no measurements are being made. 
The potentiometer is a type K-2, Leeds and Northrop Co., 
and is an instrument of high precision. A standard cell made 
by the Epple> Laboratories is usea with tne potentiometer. 
It is a cadmium cell of the unsaturated type with a negligible 
temperature coefficient within the ordinary range of room 
temperature. A Willard 2 volt low discharge storage battery 
is used as a current source for the potentiometer. 
Two galvanometers are available. One is of a relative-
ly low sensitivity, 5.2 microvolts per millimeter at 1 meter 
distance from scale, anu is used to 'approximately balance tne 
potentiometer when the magnitude of the emf to be measured is 
unknown. This prevents possible damage to the otner galvano-
meter which is a type HS (high sensitivity) made by Leeds and 
Horthrop Co. A lamp and scale reading device is used with the 
type HS galvanometer. The type HS galvanometer has a sensitivity 
of 0.52 microvolts per mm. This galvanometer is used to make 
the final adjustment in balancing tne potentiometer. 
-
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SECONDARY CONTROL CIRCUITS 
The secondary control circuits are shown in detail 
in Figure 4. There are five pairs of variable resistors which 
control the various neaters Bf C, D, 3, and F> in the calori-
meter assembly. Each of the four difference thermocouples H, 
J, K, and L, may be impressed alternately across the galvano-
meter by means of an automatic switch, M, described below. 
Signal lights, N, on the control panel indicate which differ-
ence thermocouple is currently being reaa on the galvanometer 
scale. Leads from the four difference trier mo couples which 
by-pass the automatic switch are also connected to the same 
type of potentiometer contacts as described in the primary 
control circuits. A pair of leads from the thermocouple on 
top of the aluminum shield are also connected to potentio-
meter contacts. A four-pole-double-throw switcn may be 
operated to switch the galvanometer either to the difference 
thermocouple circuits or to the potentiometer where the emf 
of the thermocouple on top of the aluminum shield or the emf 
of each of the difference thermocouples may be measured by 
the potentiometer. 
Table I shows which heaters are used to control the 
temperature so that the difference thermocouples indicate 
temperature differences of zero. 
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JJJGMD FOK FIGURE 4 
SECONDARY CONTROL CIRCUITS 
A. Thermocouple on top of Aluminum Stabilizer Shield 
E. Keater on bottom of Copper Aciabatic Shield 
C. Heater on body of Copper Adiabatic Shield 
D. Heater on top of Copper Adiabatic Sliield 
E. Heater on body of Aluminum Stabilizer Shield 
F. Heater on top of Aluminum Stabilizer Shield 
H. Difference Thermocouple between Aluminum Stabilizer 
Shield .mid. Cop, er Adiabatic Shield 
X. difference Thermocouple between Copi er Adiabatic 
Shield and Calorimeter Can 
J. Difference Thermocouple between bottom and body 
of Co •: per Adiabatic Shield 
L. Difference Thermocouple between top ana body of 
Copper Adiabatic Shield 
M. Automatic Switch 




HEATERS Ai\!'D DIFF&RMCh ThahhGCOUFL^S 
Heater in the Calorimeter 
Assembly 
Bottom of the Copper 
Adiabatic Shield 
Body of the Copper 
Aaiabatie Shield. 
Top of the Copper 
Adiabatic Shield 
Body of the Aluminum 
Stabilizer Shield 




Between the bottom and 
body of the Copper 
Ad iab ••:,tic S hi eId 
Between the bod^ of the 
Adiabatic Shield and the 
Calorimeter Can 
Between the top and body 
of tne Adiabatic Shield 
Between the bod^ of the 
Aluminum shield and the 
body of the copper 
Adiabatic Shield 
Between the top of the 
Alirainam Shie16 ,,,no the 
ice junction. 
Two variable resistors in series are installed in each 
heating circuit. Tney are Jagabi "Lubri-tactT: rheostats. 
One of the pair has a resistance of approximately 800 ohms 
•aid the cur-rent capacity of 0.8 ampere. The other rheostat 
has a resistance of a proximately ICO ohms ana a current 
carrying capacity 5.8 amperes c^^ is equip] eu with a screw 
drive for making fine adjustments. Each heating circuit lias 
its own storage battery -and a double-pole~s ingle-throw toggle 
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Switch* The stojc6e batteries -,re type IO-BTMH nude by Exide 
which was described in the primary control circuits. 
Appendix A, Figure 15, is a photograph of the auto-
matic switch. The automatic switch has two cams which rotate 
at a slow speed and operates the switches in sequence. The 
motive power is z. small alternating current motor which is 
geared do.n to rotate trie shaft on which tne cams cr^ mounted 
at a speed of 1 rpau The earns are cylinders which nave an 
eccentric surface on one-fourth of their circumference* This 
eccentric surface operates, at any one time, three contacts 
of one switch. The cams are so adjusted that only one switch 
is closed at a time. In this way each switch is closed 
approximately fifteen seconds during, eaci. minute. Since the 
period of the galvanometer is seven seconds, there is ample 
time for a reading to be made. Each switch contains t iree 
pairs of contacts which are insulated from una frumev^ori. of 
the assembly and from each other. Two pairs of contacts 
connect the difference thermocouple leads and the other pair 
connects to one lead of the signal light. One pair of leads 
go from the autom -tic switch to the four-} ole-double-throw 
switch on the control panel and four pairs of leads come from 
the four difference thermocouples inside the calorimeter 
assembly to the automatic switch* One wire comes to the auto_ 
matic switch from a 6 volt storage battery which furnishes the 
current for the signal lignts. As each switch is closea this 
5? 
battery wire is connected through the a- ropriate signal 
light on the control panel to the other battery terminal. 
The signal lights are mounted en tne control panel with the 
appropriate light under each pair of variable resistors. 
Therefore when the signal light is lighted, the operator can 
ascertain at a gl nee which resistor should be adjusted. The 
connections are made such that if the galvanometer deflects 
on the scale to the left the resistance should be decreased. 
A Leeds ana Northrop type K-2 potentiometer is used 
together with a Erpley standard ceil. This is the same kind 
of equipment as described in the primary control circuits. 
The galvanometer leads from the potentiometer are connected 
to one side of the four pole—double—throw switch. The emf 
leads are connected to one pair of middle contacts in the 
same switch. 
When the four-vole-do able-thro,, switch is in the up 
position, the galvanometer is connected to the potentiometer 
and the emf leads from the potentiometer are connected to the 
contact blade which may be placed in any pair of the potentio-
meter contacts. In this position the potentiometer may be 
used to measure the emf of any of the difference thermocouples 
or the thermocouple on top of the aluminum st ibilizer shield, 
In the down position, the switch connects the galvano-
meter directly to one of the difference thermocouples as 
governed by the utomatic switch. The emf leads from the 
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potentiometer are disconnected from the extension leads to 
the contact blade so that short circuits may not develop 
between any of the difference thermocouples and no emf may 
be im; ressed on the potentiometer which may not be ascertained 
since no galvanometer is connected to the potentiometer. 
The galvanometer Is a Leeds and Horthrop type HS and 
has a sensitivity of 0.52 microvolts per urn, with the scalu 
at one meter distance. 
There .,.re six pairs of potentiometer contacts to which 
the four difference thermocouples and the one thermocouple are 
connected. 
CHAPTER V 
CALIBRATION OF BCAIB THEBMOCOHPIiB 
A copper—cons tantan thermocouple was used to measure 
the temperature clifferexiees in the ealormeter in the range 
of 20 °C to 15C°C. The couple Sffas con?, true tea of B. and S. 
No. 32 copper-constantan wires. The thermocouple was cali-
brated using several known transition points; e. g., melting 
point, boiling point, etc.. A series oi values of emf vs 
temperature was aetermined in this manner ana an equation was 
fitted to thc-̂ se points for interpolation of temperature points 
when the emf values are known. 
Two primary standards were used: the boiling point of 
water and the melting point of tin. The tin was a standard 
sample secured from the National Bureau of Standards and had 
a certified melting point of ;JS1.9Q°C, Tliree secondary 
standards arere chosen: the transition of UagSO^ • 10 HgO 
crystals at 32.584°c('°', the melting point of naphthalene at 
30.01°C^ ' > and the melting point of benzoic acid at 122.2750C*°* • 
I Cor 
International Critical Tables. McOraw Hill BOOK CO., 
for the National Research Council, [1926), p. 54, Vol. 1 
(7) 
Gustav Egloff, Physical Constants of Hydrocarbons, 
Vol. TV, Reinhold Publishing Corp., New York/ (194V), p7 77 
I (8) 
F. Tr. Schwab and Edward Wieners, Journal of Research 
QL ih£ fetionaj. £yne3J2 o£ ^tanaardg, RFI647, (1946) 
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These points were fitted to an equation of the form 
p * (9) 
B = at+bt~+ct"' 
where E is tne emf of the thermocouple., t is tne temperature 
in °C and a, b, ana c are constants. Three of the five joints 
were used in calculating the equation and. the other two points 
were used as check points, Usi^c tne above equation a temp-
eruture-emf table was constructor: and used to convert tne 
potentiometer readings of emf of the thermocouple to degrees 
centigrade. 
THS FrlmmZIhG- POINT OF MAPHTH4LBME 
It was anticipated that naphthalene would be used as 
tne first sample whose heat capacity was to be measured. A 
sample of nigh purity vms, therefore, necessary. Baker's 
nNapht::aiene by Alcohol'' was subjected to tne following 
purification: about ;J00 grams of naphthalene was dissolved 
in 95'- ethyl alcohol. This mixture was refiuxed on a water 
bath until complete solution took place. After setting for 
ten minutes a.bout 20p of the solution v. u^ decanted into 
another vessel and allowed to cool. The crystals were 
filtered through a Bucnner funnel ana waaaiea with cola alcohol. 
(9) 
P. F. Roeser and H. T. Wansel. Journal of .desearch of 
the National Bureau of Standards» RP7G8, 14, p. 271, (19a 5"5~~ 
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The crystals were dried on the suction filter for three or 
Four hours. This procedure was carried out three times 
except that on the second ana third recrystallications the 
mixture was cooled in an ice bath before filtering. After 
the final filtration the crystals were dried for approximately 
18 hoars on the suction filter with no alcohol in the filter 
flask* The crystals were then substantially dry. The 
alcohol filtered off on the first re crystallization was very 
brown but the tnird filtrate was clear. 
The recrystallization procedure was followed by two 
vacuum sublimations. The apaar'-tus usee, consisted of three 
600 cc. flasks connected to a glass manifold which was in 
turn connected through a stopcoca to a dry ice-alcohol trap 
and thence to a high vacuum system. The recrystallized 
prod act was placed in the first flask ana the glass seaa made. 
The sample could then come in contact only with glass. The 
system was evacuated to approximately 13 x 10 mm. Hg. 
pressure. About 10p of the naputiialene was sublimed from the 
first to the second to the third flasks and to the cold trap 
thus "washing" the system and removing volatile impurities* 
The second fls.sk w-as immersed in a ary-ice alcohol bath and 
the first flask was heated. This procedure sublimed the 
naphthalene to the second flask. About 25JC of the naphthalene 
was left in the first flask, The process v;as repeated and 
about 75a of the naphthalene was sublimed to the third flask. 
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The glass neck was broken by making a file maris: around it 
and ol̂ cinr: a red-hot end of a glass roa on the mark. The 
naphthalene \< ,s melted cuid poured into the heated calorimeter 
can and the balance was poured into a buttle. 
Considerable difficulty is encountered if tne na;: ntha-
is sublimed too fast. Naphthalene condenses throughout the 
entire apparatus. Heating tne /miO-Le apparatus except the cold 
flask alleviates the situation. 
The calorimeter was assembled ritn the purified naphtha-
lene in the calorimeter can ana the vacuum system maintained 
-5 at about 10 mm. Bg. s.bsolute pressure, 
The emf of the thermocouple at tne melting point >• as 
determined by melting the sample ana also by freezing. Since 
freezing points are in general more satisfactory^ ', the data 
for the freezing point will be ased. however, since the thernal 
head on the sample can be controlled easily, excellent agree-
ment between the freezing point and melting point of uapht.ua-
was found. The emf of ti_e two points differed only by 0.1 
microvolt or 0.0024°C. 
The melting point was found by ap; lying heat to the 
calorimeter can via the constantccii neater wound en the can 
ana r̂t the same time controlling tne aaiabatic shield so that 
its temperature was approximately that of the can. The emf 
of tne thermocouple in the can was read and the time noted. 
k plot was sade of emf vs temper.ature and the constant emf 
determined. 
While the naphthalene was melting tne following 
Observations i*:ere male: 
1. Doubling the rate of heating increased the 
temperature of tne sample. If the battery 
was 6 volts and it was increased to 12 volts, 
the temperature of tne naphtnalene increased 
about cf.l°C. 
2. With the calorimeter heat off and the 
aoiabatic shield maiataixiea at 4°C coioer 
than the can, the can temperature remained 
unchanged for two liours. 
The freezing -oint was determined in a manner similar 
to the melting point. The melted naphthalene was copied by 
maintaining the adiabatic shield colder than the can ana the 
emf read and the time noted. The thermal head from the 
calorimeter cmi to the copper adiabatic shield coald easily 
be controlled by controlling the heaters on the adiabatic 
shield. IPriouE thermal heads were used and their effect 
on the can temperature could be seen from the plot of calori-
meter can temperature vs time. Tne naphthalene was frozen 
over a period of three to four hours during the runs that 
were mj.de. 
When the adiabatic shield was maintained 5 to 6°C 
colaer than tne can for ; erioas of trmrty minutes, the can 
temperature remain unchanged, at various times during 
freezing the adiabatic shield -as brougnt to t.rie temperature 
of" the can for thirty minutes so that thermal equilibrium 
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could be established in the calorimeter can. The temperature 
of the naphthalene during these periods were found to be the 
same as when the adiabatic shield was 5°C colder. The plot 
of emf vs time showed a constant temperature for as long as 
four hours. A typical curve is ,_;iven in Appendix A Figure 14. 
The change of slope of the curve at the beginning and ending 
of freezing and melting was very sharp and was indicative of 
a very pure sample. 
Four runs made on the purified naphthalene sample gave 
results of: 
TABLE II 
FEEEZIHG POINT OF NAPIITriALOwE 




A tendency to supercool during cooling was noted. How-
ever, when supercooled 5° to 5°C a slight tap on the calori-
meter seemed to start freezing and the temperature of the 
sample would quickly rise to the constant point. 
A sample of BakerTs CP Naphthalene was placed in the 
calorimeter and its freezing point found. This value was 3075 
micro-volts which is one degree less than that of the purified 
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sample. 
Turing these runs with naphthalene the temperature-
resistance characteristics of tne constantan neater wound on 
the calorimeter can were found. A change of i°C of tne heat-
ing coil made no measureable difference in its resistance, so 
it was concluded that the resistance of constantan is not 
sufficiently sensitive to temperature change as to be useful 
here as a resistance thermometer. 
THE FREEZING POINT OF EMZQIQ ACID 
The melting point of benzoic acid was used to find the 
next temperature-emf point. A sample had been procured from 
the National Bureau of Gtandarus for this purpose. However, 
this sample was not used in the final determinations due to 
trouble in preliminary tests. 
The benzoic acid was loaded into the calorimeter can, 
the calorimeter assembled and vacuum pulled. A test melting 
and freezing determination showed no constant emf as noted in 
the previous determination with naphthalene. For this reason 
the calorimeter was disassembled .uid inspected. 
The reason for the failure of tne determination was 
readily aprarent. First, the solder seal on top of the 
calorimeter had failed. This was attributed to the fact that 
on this one experiment ordinary soft solder was used and the 
temperature of the calorimeter can has been raised to about 
180°C in an attempt to locate the melting point. Apparently 
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soft solder does not maKe satisfactory seals to be used under 
high vacuum at these temperatures. Also, the benzoic acid 
had taken on a green color that gave a copper test with the 
ferro-cyanide ion. Subsequent tests showed that both benzoic 
acid and salicylic acid will turn green when melted in the 
presence of copper. This experience proved conclusively 
that the gold plating on the copper can was either porous or 
had failed sufficiently to allow the sample to contact the 
copper of the can. So it was evident that if benzoic acid 
were to be used, the thermocouple would have to be removed 
from the calorimeter can ana calibrated in other vessels. 
The National Bureau of Standards benzoic acid sample 
having been used up in the preceding experiments, it was 
necessary to obtain another purified sample. About 2^5 grams 
of Baker!s "Benzoic Acid-Sublimed" was re-sublimed in vacuo 
into the following vessels A piece of £.6 cm. I. D. pyrex 
glass tubing 8 cm. long closed at one end and the other end 
fused to a 15 cm. long piece of 5 mm. I. D« pyrex glass tube. 
A protection tube was made of pyrex glass which was about two 
millimeters inside diameter. A few drops of mineral oil was 
placed in the protection tube and the thermocouple Inserted in-
to the oil. The thermocouple junction (insiae tne protection 
tube) was immersed in the benzoic acid to a depth of 2.5 cm. 
and the melting point vessel placed in a stirred oil bath. 
Tne oil bath temperature was controlled by a bunsen burner 
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placed under the oil bath. 
The general procedure for obtaining trie freezing point 
data was this: The oil bath was maintained at 130*C until 
all the solid had melted. The bath was then cooled to below 
122°C as indicated by a mercury thermometer immersed in the 
oil bath. The sample tended to supercool but stirring or 
drop.ing a crystal of the benzoic acid into the liquid was 
sufficient to begin freezing. 
When the oil b^th temperature was varied curing freez-
ing the temperature of trie freezing liquid was changed. If 
the oil bath was varied from 8* to 10°C colder than the sample, 
the sample temperature was depressed about 0.1°C. The oil 
bath temperature was controlled to ± 1°C and that of the ben-
zoic acid was constant to about ±Q.01°C. A plot of the data 
was made and the average value of the benzoic acid during 
freezing was used. 
TABLE III 
FREEZING POINT OF BENZOIC ACID 





As shown by the above values, as the oil bath was 
maintained nearer the melting point temperature, the sample 
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temperature increased slightly. The difference between the 
lowest and highest values of sample temperature are G.093°C. 
It is reasonable to expect that the effect of the oil bath 
temperature and the effect of any Impurities would be to 
depress the freezing point, ami since these are the only 
possible variables present, the highest value of 4981.9 
micro-volts was used. 
Thought was given to the pos; Ability of using salicylic 
acid as a check point, however there turned out to be two 
reasons which prohibit its use. The fact that melted sali-
cylic acia will react with copper made it unsuitable for use 
in the calorimeter can. Also when attempts were made to 
purify the acid by sublimation in vacuo, it was found that 
some decomposition occurred, A test run was made on a sample 
of EaKer's "Salicylic Acid C~- ̂ rade" v-ith no further purifica-
tion. Three runs under the same conditions of oil bath temp-
erature showed marked decreas. in the freezing temperature 
and the sample had the odor of phenol, indicating decomposi-
tion had taken place. For these reasons, it was decided that 
for this purpose the freezing point of salicylic acid was 
unsatisfactory. 
THE TRAKSITIOJN OF SODIUM SULFATE 
The decahydrate of sodium sulfate loses all its water 
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of hydration at «62.384°C. This phase change occurs at this 
temperature in concentrations clove approximately 53$ NagS04 
and it is therefore necessar;, to insure that sufficient 
anhydrous salt is present during tne determination. Bauer's 
CP NagSO.i * 10 Ĥ O crystals, to which had been added a few 
grams of the anhydrous salt, were melted and placed in a one 
quart dewar flask. A protection tube, one e^id of which had 
been drawn out to about two millimeters inside diameter, was 
immersed at least 10 cm, into the mixture of NagSQ4 and solution. 
The protection tube contained sufficient mineral oil so that 
the thermocouple junction was immersed to a depth of o.bout 
two c entimet er s. 
AS the mixture slowly cooled in the dewar flask, the 
emf of the thermocouple was followed at intervals of one to 
three minutes at the beginning of transition and at intervals 
up to ten minutes when the emf became constant. The emf was 
constant over a period of three hours when the die termination 
was stopped. 
When the data were plotted the average emf uuring the 
constant period was found to be 1200.4 micro-volts. A varia-
tion of about 0.1°C occurred as tne phase change took place 
and this variation seemed to be directly associated with the 
— t i i y 
0. A. rlougen and K. m\ Watson, Ina us trial C he j ii c a 1 
Calculations, Second Edition, John Wiley and Sons7" Inc., 
p. 336, (1956). 
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frequent stirring of the mixture. Trie stirring was cone •/.ith 
the protection tube. Over periods of ten minutes v^nea no 
stirring was done the variation was less than 0*01°C. 
THE BOILING POINT OF 1TAOTR 
Tne steam oint 'was next used as a calibration point, 
A 500 cc. distilling flask was well lagged with rope asbestos 
down to the bulb. Three hundred cubic centimeters of distilled 
water was placed in the flask and a water condenser connected 
on the distilling arm. A protection tube of about two milli • 
meters inside diameter and containing mineral oil as in the 
other determinations v.as inserted to a point about one centi-
meter below the distilling arm exit ana held in place with a 
rubber stopper. The thermocouple Junction was then in the path 
of the water vapor Just before it left the flask. An asbestos 
and wire gauze was placed under the flask and the flask was 
heated by a bunsen buruer. 
The distilled w iter was brought to near the boiling 
point and then the neat ad lusted until the water barely would 
bubble. The em£ of the thermocouple was measured with respect 
to time until the emf no longer changed. The heat was then 
increased several times but no significant change was noted 
in the emf of the thermocouple. This constant period was held 
over a period of thirty minutes when the water level inside 
the flask became too low. 
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The constant emf Was found to be 3956.6 micro-volts 
With a vari at ion of *0.02°C. 
During the course of the experiment the b roue trie 
pressure was reuO. and founa to be 747.55 nan. B%. noeser ana 
(12) 
Wensel give the relation between the temperature, t, 
in °C and the pressure, , for tne range 680 to 780 mm. of 
iig. as: 
2 
t = 100.000 + 0.0567 (p - 760) - 0,000025 (p - 760) . 
Use of this equation gives the "boiling point of water to be 
90.5o7°C at 747.5 mm. of Qg. 
The FKiTZIk'G I'Olh'i"' OF TIN 
A sample of tin which was procured from the National 
Bureau of Standards was used to determine one point above the 
highest temperature that the thermocouple was to be used. A 
calibration in the neighborhood of 100°C would have been more 
desirable but was not available. This sample had a freezing 
point of 221.9o°C as determined by the National Bureau of 
Standards. 
The sample of tin was placed in a pyrex test tube and 
the surface covered with graphite to discourage oxidation of 
the netal. .A protection tube of tne same type as usee before 
was immersed in tne molten metal to a depth of about five 
W. F. Boeser and R. T. -ensel, journal of Research 
of the National Bureau of Standardsf RT768, 14, p. 281, (1955) 
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centimeters. A test tube was placed in _ai oil bath ana the 
sample melted. After holding the sample at 1J°C above the 
melting point for ten minutes it was slowly coded. As the 
thermocouple emf bee .me constant tne oil bath temperature was 
maintained constant within two decrees. 
THL TEMPffiATUBl - HSF RELATION 
The plotted data of @sif vs time snowed an emf variation 
of -2 micro-volts or 0.04°C. The average vclue during the 
period of freezing was 10222.0 micro-volts. 
Tabulated belov. are the experimental values of emf vs 
temperature togetner with the possible errors. The ossible 
errors -ere arrived at by taking tne actual variation of the 
emf reading during the phase change ana estimating an error 
due to condition of sample or conditions under whish tne value 
was determined. For example, the determination of tne steam 
point is more lively to give a high reading due to suv er-
heating the vapor than to give a loi reading. 
EABLE IV 
CaLInhRATIOi-j I OIHTS F0r( TilkRkGCouFnm 
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Using points number 2, 3, and 4 the equation of the 
temr.erature-enif curve was found to be: 
E = 35.088 t + 0.043627 t2 - 3.21C x 10~5 t3 
E = ernf in micro-volts 
t = temperature in °C 
Since the reference junction is 0°C the curve will pass 
tnrough the origin so that no constant term appears in the 
equation. 
This equation was used to calculate the ernf corres-
ponding to the temperatures of points number 1 and 5. The 
results are tabulated below. 
TABLE V 
CHECK CALIBRATION POINTS FOB THERMOCOUPLE 
Ernf - micro-volts Ernf- micro-volts exp. ~ calc. exp. - calc. 
experimental calculated micro-volts °C  
5122.6 3118*3 -4.3 -0.10 
5956.6 5952.9 +3.7 +0.08 
These data indicate that the equation fits the curve 
(13) 
within tQ.1%. Roeser and Wensel state t&at the copper-
constantan thermocouple can be reliea upon to retain its 
calibration within ;-:bout 0.2°C hhen usea up to 500°C. The 
calculated equation may then be expected to ;-.;ive values 
of temperature v;ithin 0.1 °C in the range to be used in this 
— z m 
Wm* F. Roeser and II. T. Wensel, B£ J. he search. RV 768 
14, (1955), p. 271 
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work. 
The slope of the equation, 
£1 = 25.688 + 0.087254 t - 9.650 x 10"5 t2 
dt 
indicated that temperature differences of one uegree will 
change the eutf reading in the first decimal so that in 
constructing a temperature-emf table it will be necessary 
to tabulate values for each degree to obtain accuracy of 
0.1 micro-volt. For values falling in between each degree 
it will then be necessary only to make a straight line inter-




PROCEDURE II OPERATING CALORIMETER 
The general procedure for mafcing a neat capacity 
determination is to measure the temperature rise of a weighed 
sample when a measured amount of heat It added. The data must 
therefore be taken so that these quantities may be either 
directly measured or calculated. 
Two operators are required in taking the datcx during 
a determination or run- One operator will be designated as 
the primary operator ana the other will be the seconaary oper-
ator, These terras correspond to the division of controls made 
in Chapter IV. The general duties of tne primary operator 
are to measure the temperatures of the calorimeter can and 
sample and to measure tne heat input to the calorimeter heater. 
The secondary operator will manipulate the heater controls of 
the co per adiabatie shield and tne aluminum stabilizer shield 
so as to maintain the various difference thermocouples within 
the required limits. Sample aata sheets are given in Ar endix 
B Table X ana Aj-endix B Table XI which show the data taken 
by each operator, 
The primary operator starts stop watch number 1 at the 
beginning of the run and as temperature ana power measurements 
are made, the time is recorded, to t.ue nearest second. At the 
beginning and ending of a heating period the time is measured 
to the tenth of a second. 
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When the secondary o, era tor has the aaiabutie shield 
at trie temperature of the calorimeter can, the ]â eiiminary or 
drift measurements of the tern eratur: of the calorimeter can 
are made hv the primary operator. If the temperature of the 
can is in a steady state; e. g., constant or changes at a 
constant rate., tne heating period may be started, 
As the primary operator closes the switcn connecting 
the "battery to the calorimeter can heater he starts stop watch 
number g simultaneously. The secondary operator mast also 
increase the heat input to the adiabatic shield, so that the 
temperature of the adiabatic shield i ill follov. that of the 
calorimeter can. 
During the heating jerioc several measurements of the 
current gcing through the calorimeter can heater ana of the 
potential drop across the heater are made bv the rinary 
operator. The secondary operator, in the meantimej controls 
the heating rate of the adiabatic shield heaters so that they 
rise in temperature at the same rate as the temperature of 
the can. He also records the reading of the various difference 
thermocouples several times during the heating period. 
At the close of the heating period, tne primary oper-
ator simultaneously stops "Tatch number 2, starts watch number 
1, and disconnects the battery from the calorimeter heater. 
lie then follows closely the change of the temperature of the 
calorimeter can. The temperature will continue to rise ana 
then start to aecline after the heating circuit is opened. 
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Closely spaced points of temperature with respect to time 
are necessary to determine the final temperature of the 
sample and calorimeter can. 
The secondary operator must also reduce the heat 
input to the shield heaters in order to keer the shield 
temperature the same as that of the calorimeter can. When 
these controls are adjusted, the difference couple readings 
are again recorded. 
The primary operator continues to follow the calori-
meter can temperature until a steaay state is again attained. 
The Trocedure may tnen be repeated for anotner determination 
at the higher temperature. 
The automatic switch, v.nich cennt-cts .* difference 
thermocouple to the galvanometer every 15 seconds proved very 
useful to the secondary operator. He has numerous controls 
to maintain during the heating period and this automatic shift 
of difference thermocouples relieves him of a number of mani-
pulations 1 The period of the galvanometer is 6 seconds and 
the space of 15 seconds when the difference thermocouple is 
connected!, across the galvanometer is just sufficient time for 
the correct reading to be mace ana a rneostat aajusted. 
It became apparent o.fter a few test runs that the set 
of 10 rheostats, two for each heater, coula not be individually 
cor.itro3.ied satisfactorily during the beginning and ending of 
a heating period ?vhen the heat requirements for the heaters 
-vere chaining rapidly. 
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This difficulty had been anticipated when the design 
was made and the three heaters on the adiabatie shield '••ere 
specified so that tney could be operated in series. A change 
was accordingly Lio.de in these heating circuits so that tney 
could be o/erated either in series or in parallel* Subsequent 
test runs showed that series operation of these heaters v. as 
satisfactory. One pair of rheostats could tuen be used to 
control the entire adiabatie Shield. In general, the temp-
erature differences between the tor and body of the adiabatie 
shield ere O.OE°C with the top being warmer than the body of 
the shield. Also the bottom of the adiabatie shield was 
0.01°C to O.G3°C colder than the adiabatie shield body. These 
two differences would tend toward cancelling each other since 
they are of opposite sign. 
^o further decrease the difficulties of maintaining 
adiabatie conditions around the calorimeter can, it was found 
that by not attempting to make the temperature of tne aluminum 
stabilizer snieid follow that of tne calorimeter can during 
the heating period allowed the secondary operator to confine 
his attention to maintaining the temperature difference bet-
ween the calorimeter can and the adiabatie shield within 
narrow limits during the beginning anc. ending of the heating 
^eriod. This temperature difference is, after all, the critical 
difference to be controlled since the adiabatie shield is the 
only one that can -see" tne calorimeter can and transfer heat 
by radiation or convection. 
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The rur;'OSe of the aluminum stabilizer shield is to 
facilitate control of the adiabatic shield ana this is realized 
by bringing the temperature of the aluminum stabilizer sniela 
to that of the calorimeter can before Cc.cn nesting period and 
then allowing it to heat slowly but at a lower rate than the 
calorimeter can during the heating period. Tne adiabatic 
shield is then surrounded by a body that never differs from 
it in temperature by more then 4 to 5°C. The temperature of 
the adiabatic shield is then nearly dependent on tne neat 
applied to it sii.ee a large temperature gradient ao;s not 
exist between it and its surroundings. 
Using these modifications the secondary operator can 
read tne difference thermocouple between the calorimeter can 
and adiabatic shield continuously during the beginning and 
ending of the heating period and thereby control this temp-
erature difference during periods of greatest change. Then 
when a stable condition is attained shortly after beginning 
of the heating period, the automatic switch is used to read 
ana control the other difference thermocouples-
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CHAPTEK VII 
CALIBRATION OF AMPTY CALOrtliuETEii 
The heat capacity of the calorimeter can must be known 
before other materials can be investigated. Measurements of 
heat capacity made with the calorimeter: e. g., temperature 
rise and heat input, include the effect of the calorimeter 
can and its contents. If, then, the heat capacity of the 
calorimeter can is known as a function of temperature, the 
value at the correct temperature may be subtracted from the 
heat capacity of tne calorimeter can and its contents, leaving 
the value of the heat capacity of tne contents or sample. 
This calibration of the empty calorimeter will also 
show some of Its operating characteristics. These character-
istics include the accuracy to be expected, magnitude of heat 
losses, specific data needed to make calculations, lags in 
heaters and thermocouples, effectiveness of controls, and 
general operability of equipment. 
INVESTIGATION OF TiÂ nMAL LAGS IB ADIABATIC SEIEED 
The effect of various thermal heads on the calorimeter 
can was determined. This information was desirable In order 
to determine the limits within which the temperature differ-
ence between the adiabatic shield and the calorimeter can 
could be tolerated. 
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Table VI shows the results of three such determinations. 
Typical calculations and procedures are found in Appendix C. 
TABLE VI 
DxilFT BAXS OF CALGHIMSEER TEMPERATUHE 
Temp, adiabatic 





These aata show th^t by maintaining the adiabatic 
shield temperature within 0.02°C to 0.10°C of that of tne 
calorimeter can, the effect on the calorimeter can temp-
(14) 
erature would be very small indeed—less than 0»0o5 calorie 
per minute, 
During steady state conditions, the adiabatic shiela 
temperature may be kept quite easily within Q.02°C of the 
calorimeter can, but during rapid change conditions, such as 
at the start or ena of a heating yerioa, tne can temperature 
may vary up to a maximum 0.2°C from the adiabatic shield for 
a few seconas. However, siace the time during which this 
JM) •— 
The gin-calorie i s used throughout t h i s paper. 
t °C a^ ,dt cal. can 
ay d© 
44 0.105 cal/min 0.015 °C/min 
23.5 0.077 cal/min 0.011 °C/min 
23.5 0.035 cal/min 0.005 °C/min 
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difference exists is small—of the order 30 seconds—the gain 
or loss of heat is 0.05 calorie or less in a total of about 
40 calories. 
The adiabatic shield will have opposite effects at 
the start and end of a heating period. It will lag or be 
colder than the calorimeter can at the start and be warmer 
at the end of the heating period.. The net error will, there-
fore, be the algebraic sum of these errors. 
The possible error anticipated from this source should 
be less than one _ er milie "under ideal operating conditions. 
The pressure in tne calorimeter assembly was approx-
-4 
innately 10 mm. Hg. during the aforementioned determination. 
It is anticipated that m later work, pressures of tne order 
-6 of 10 mm. Hg. ,,oula be used, out tnese drift measurements 
indicated that for tnis work the vacuum system was satisfactory. 
Figure 5 shows the temperature difference between the 
adiabatic shield and calorimeter can during a run made at 80°C 
on the empty can. The temperature ordinate has been expanded 
SO that the variation of temperature differences could be 
easily seen. 
At the start of the neatin& period the calorimeter can 
became warmer tixan the aaiabatic shield aue to tne sudden surge 
of heating. However, within about 15 seconds, the operator-
can adjust the adiabatic shield to the can temperature. This 
shows tnat the adiabatic shield heater responds very quickly 
to the controls ana it is UILSO noted that the time lag between 
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changing the heater control and its effect on the difference 
thermocouple is of trie oraer of 3 seconds or less. The 
response of the system to controls is, therefore, considered 
quite good. 
MEASUREMENT OF ENErtGY I ft PUT 
The use of a ballast circuit of nearly the same 
resistance as that of the calorimeter can heater caused the 
heating rate to be nearly constant. The maximum deviation 
during a heating period was ordinarily about 0.00035 watts 
or 0.0050 cal/min., where the heating rate is 0.27 watts. 
During each heating period, at least four measure-
ments of current and potential were taken. These data were 
plotted as a function of time and then by multiplying the 
values of current and potential at the same instant of time, 
a curve of power vs time could be plotted. Graphical inte-
gration of this curve gives the energy input to the calori-
meter can. Appendix A Figure 15 gives a sample calculation 
of heat input from the tabulated data, 
This time of a heating period, approximately ten minute 
was measured by a standard type of stop watch that could be 
read to one tentn of a secona. Two watches were used in these 
measurements and they were checked against each other over 
a period of two hours and no deviation was notea. When they 
were checked against an electric clock, which could be read 
65 
to one second, over a period of three hours no deviation 
could be detected. The measurement of time was, therefore, 
accurate to _o.2 second on each reading which makes the time 
error liable to a possible error of lo.4 second. 
MEASUREMENT OF EEMPERATDRE RISE 
The initial temperature is readily determined. During 
the initial or "drift" perioa of a run, the temperature is 
read until it is constant or a constant cnange is observed. 
Then the calorimeter can heater switch is closed. This 
initial temperature is plotted versus time and the temperature 
is extrapolated to the starting time. This curve is practically 
a straight line so that the extrapolation involves very little 
chance for error. 
However the final temperature poses quite a different 
problem. The curve of temperature versus time at the end of 
heating is shewn in Figure 6. As can be seen from the curve, 
heating continues for nearly a half minute after the neatiug 
circuit is opened. This effect is probably due to the fact 
that heat must be transferred from the heating coil on the 
exterior of the calorimeter can to the interior where the 
thermocouple is. Some temperature gradient exists between 
these points and this interval represents trie time required 
for heat to be transferred by conduction through the can to 
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naphthalene, the final temperature levels off to a normal 
drift rate almost immediately. The liquid mast contribute 
to more even heat distribution and reduces temperature lags. 
The case where the calorimeter can contains either air or 
solid naphthalene will be considered since nearly all the 
measurements made were under these conditions. 
The final temperature, about 5°C above the initial, 
is the maximum temperature to which the calorimeter can and 
contents will be raised by the heat input to the can. Two 
effects on the can must, therefore, be considered. The 
first effect is the continued rise in temperature of the 
calorimeter can and the normal drift of the calorimeter can 
temperature at the final, steady-state conditions. This 
final drift rate is noted on the temperature-time gra, h 
immediately following the temperature maximum. If, then, 
this drift rate portion of the curve is extrapolated back to 
the time at which the heating period ended, trie maximum temp-
erature that the calorimeter can would, ixave attained, should 
fee located. This is the procedure used in establishing the 
final temperature. 
More chance for error is inherent in determining this 
final temperature. It is important that closely spaced, temp-
erature measurements be made following the end of the heating 
period so that the slope of the urift portion of the curve 
can be more irecisely determined. The possible error of this 
extrapolation is at least the upper and lower limits at which 
the slope may lie. Added to this possible error is the un-
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certainty in the temperature measuring instrument, which is 
taken as io.2 micro-volt or approximately i0.005°C. 
Appendix A Figure 16 shows the determination of initial 
and final temperatures used in the sample calculation of heat 
capacity in Appendix D. 
SUMMARY OF ERRORS 
The possible errors involved in a general determination 
of heat capacity are suiiffiicirized below. The calculations of 
errors are given in detail in Appendix E. 
A. Temperature rise = ± 0.55$ 
B. Heat Input = ± 0.05$ 
C. Pleat Loss = ± o.Ooi 
D. Total = 0.55$ + 0.05$ + 0.05$ = 0.65$ 
This figure of ±0.65$ represents the agreement to be 
expected under normal operating conditions. 
HEAT CAPACITY OF EMPTY CALORIMETER CAN 
Appendix B Table XII gives tne values of 15 deter-
minations of the heat ca;.acit> of tne empty calorimeter can 
between 27°C and 148°C. These data are plotted in Figure 7. 
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accuracy expected. With the exception of two of the fifteen 
determinations, the agreement with values read from the 
smooth curve is within the calculated accuracy of io.65%. 
This is the calibration curve of the em] ty calorimeter and 
will be used in subsequent determinations of heat capacity, 
The striking feature of the possible errors involved 
is that the value of the final temperature contributes the 
largest portion of the possible error. Further refinement 
in the apparatus must contain measures for reducing this 
error. 
Summarizing the results of calibrating tne calorimeter 
can: 
1. The heat capacity of the calorimeter can 
varies practically linearly between room 
temperature and 150°C. 
2. Tne heat capacity of the calorimeter can 
varies from 6.78 cal/°C at 20°C to 7.6b cal/°C 
at 150°C. 
3. The agreement between determinations is 
about 0.7$. 
4. The possible error of the final calori-
meter can temperature determines, to a large 
degree, the accuracy of the heat capacity. 
5. The calorimeter responds reaaiiy to 
controls and has a minimum of neat loss. 
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CHAPTER VIII 
THE HEAT CAPACITY OF NAPHTHALENE 
Naphthalene was chosen as the first material for 
measurement of heat capacity because it is easily purified 
and has been extensively studied by other investigators. 
The specific heat of naphthalene is not firmly established 
in the temperature range of this calorimeter, but reliable 
data do exist from room temperature down to liquid hydrogen 
temperatures. It was felt that determinations with this 
calorimeter could be checked to some degree by the published 
data and thereby give some insight to the absolute accuracy 
of the calorimeter. Also the data might serve to more firm-
ly establish the heat ©apacity of naphthalene in the range 
above room temperature. 
The general procedure is the same as that which was 
described in Chapter VI, with the added manipulation of 
weighing the sample of naphthalene before charging the calori-
meter can. 
It was decided that since the naphthalene was relatively 
large, flaky crystals a more dense loading would be accomplished 
by melting the naphthalene and then charging the calorimeter 
can. This procedure entailed some vapor loss that must be 
estimated. In any case, when the top was soldered on (vacuuum 
tight) to the calorimeter can, ttie sample of naphthalene would 
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melt and some vapor would be lost. 
In order to determine this vapor loss, naphthalene 
was placed in a weighing bottle, weighed and melted. The 
top was then removed from the bottle and the bottle tilted 
so tnat the vapor would be poured out. Then the bottle was 
left open for ten minutes in order to simulate the calori-
meter can containing the molten naphtnalene during the solder-
ing operation. (Wnile soldering the top on, the small tube 
on the top had to be left open so that air as well as some 
of the vapors could escape through it rather than through the 
molten solder seal.) The weighing bottle was again weighed 
and the loss in weight found. An average of three such ex-
periments showed a loss of 0.0̂ 5 grams ± 0.0^ grams. According-
ly, this correction was taken into account when the calorimeter 
can was loaded with approximately SI grams of naphthalene. 
It was felt tnat some change in the amount of solder 
on the calorimeter can top might occur, thereby adding some 
uncertainty to the heat capacity of the calorimeter can. 
Moreover, after the runs were made, inspection of the calori-
meter can showed several drops of solder in the bottom. These 
were depositee curing two unsuccessful attempts to charge 
and seal the can. Tnis factor added some uncertainty tc the 
values found for the specific heat of naphthalene. Two pro-
cedures were used to determine the magnitude of this change of 
heat capacity of the calorimeter can. One metnoa was to 
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estimate the change in amount of the solder on the can and 
to calculate the change in heat capacity of the calorimeter 
can. The second method was to re-determine the heat capa-
city of the calorimeter can at two or three points. If the 
change in heat capacity agreed in magnitude by tnese two 
methods, then the correction could be applied to the deter-
mined values for naphthalene. 
The estimated change in heat capacity of the can aue 
to the added solder was 0.1b cal/°C. 
Three determinations of tne neat capacity of the empty 
can with the excess solder sbowad a neat capacity change of 
0.19 cal/°C. 
These two figures are considered reasonably good checks, 
and a correction of 0.19 cal/°C was, tnerefore, added to the 
heat capacity of the empty can in calculating the specific 
heat of naphthalene. 
The possible errors from all sources are calculated 
in Appendix F to be about - B%9 
The values founa for the specific neat of naphtnaiene 
are snown in Table VII. Data for the calculation of tne 
specific heat of naphthalene are in Appendix B Table XIII and 
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These data are plotted in Figure 8. 
With the exception of two points at the upper temp-
eratures, the agreement between points is witnin the calculated 
limits. It is interesting to note that tnese two determina-
tions were run successively, and when they are taken together 
as one determination, the point falls on tne curve. 
A straight line drav/n tnrough the plotted points in-
dicated that the change in specific heat is linear in this 
rang e. 
Figure 9 compares these aata with that oi Soutnara 
(15) (16) 
and Erickwedde, Huffman, Par&s, and Daniels, Andrews, 
(151 
J. C. Southard and F. G. Brickweude, J. Am. Jhem. Soc.• 
55, 4378, (1933). 
(16) 
Hugh M. Huffman, Geo. Bm Parks, and Albert C. Daniels, 
1. Am. Chem. Soc., 52, 1547, (1950). 
5, 3 3 3 5 J 3 Q c> j-a o o -^ -^-
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(17) (IB) 
Lynn, and Johnston, and Spaght, Thomas, and Parks. 
The experimentally determined curve agrees within 
the experimental limitations of these published data. It 
is particularly significant that the experimental curve has 
the same slope and is a continuation of the curve of Southard 
and Bricitwedde. Their data is claimed to be accurate to with 
in 0.1$ as compared to 1% to *&% for the other experimenters. 
Another significant feature of the experimental curve 
is that it lies generally higher at the same temperatures 
than the otner curves in the same range. 
Appendix B Table XIV and Appendix A Figure 17 show 
a comparison of the published data on naphthalene . 
The heat of melting and the melting point of naph-
thalene were determined. The procedure 'was first to find 
the specific heat of naphthalene about 5°C below tne melting 
point. The sample was heated to the melting point, melted, 
and heated a few degrees above the melting point. The 
measured data then permitted the determination of the melting 
point from a plot of temperature versus time, wnicn showrs a 
constant temperature at the melting point. Tnis point, 
however, haa previously been determined several times during 
(IT) "~ 
D. H. Andrews, Geo. Lynn, and Jonn Jonnston, J. Am. 
Chem. Soc., 48, 1274, (1926). ~ 
(18) 
Monroe E. Spaght, S. Benson Thomas, and Geo. S. Parks, 
J. Fhys. Chem.. 36, 882, (1932). 
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calibration of the calorimeter can thermocouple, so tnat tnis 
run served as a check on the melting point, 
The melting temperature then determined and the specific 
heats before and after melting known, a calculation of the 
total heat input less the heats required to "bring the sample 
to the melting temperature and from the melting point to the 
final temperature gave the neat required to melt the sample. 
Division of this quantity of heat by the sample weight gave 
the heat required to melt one gram of naphthalene, 34.4 cal/gm. 
A summary of data taken during the heat of fusion determina-
tion is shown in Appendix B Table XV. A sample calculation 
of the heat of fusion is given in A] -endix H. 
Values given in tne literature give an average value 
(IS) 
of 35.6 cal/gm , which is 6m4$ higher than tne value found. 
From this determination the melting point of naphtha-
lene is found to be du.l2°C as compared to 80.01°C given by 
Egloff (see footnote 7). 
(IS) 





The calorimeter can be used to determine specific 
heats and heats of transition of solids and liquids in the 
temperature range from 20°C to 150°C. Lov>er temperatures 
may be used by maintaining a colder environment around the 
outer can. 
The absolute accuracy of specific heat measurements 
made on naphthalene in the range above room temperature was 
about 3$„ This accuracy is limited by the temperature 
measurement of the sample. Inaccuracies due to heat looses 
have been minimized and at present constitute only about 
one-tenth of the total error. 
The effective control of the copper adiabatic shield 
and the aluminum stabilizer shiela has maae the heat losses 
small. Tne aluminum stabilizer snieid hag greatly increased 
the ease of control of the adiabatic snieid. 
The maintenance of low pressure in tne environment 
surrounding the calorimeter can has lessened heat losses due 
to convection. The vacuum system is excellent m producing 
and maintaining these low pressures. 
The calorimeter can as now constructed is satisfactory 
for determinations of materials which are not corrosive to 
copper. The gold plating is not a tight film on the copper 
80 
and permits contact between the copper and materials in the 
can. 
Liquids and solids may be used for specific heat 
measurements. Closely controlled thermal head permits 
equilibrium to be established even with materials of low-
heat conductivity. 
A good tecrmique is necessary in operating the 
calorimeter. Vacuum tight solder seals must be made in 
assembling the calorimeter and the potentiometric measure-
ments and control of heaters require some experience for 
good manipulation. 
This design and construction can be considered 
successful, but is capable of considerable improvement. 
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1. Leeds ana Northrup Type K-2 Potentiometer, 
Serial No. 679635. 
2. Leeds and Northrup HS Galvanometer, 
Serial No. 645993. 
Sensitivity, 0.32 micro-volts/mm. 
Critical Damping Resistance (C.R.D.X.), 50 ohms 
Period, 5.8 seconds 
Resistance, 13.1 ohms 
3. Eppley Standard Cell, Serial No. 323979. 
4. Leeds and Northrup Volt Box, Serial No. 386172. 
5. Lamp (for Galvanometer), Serial No. 679209. 
6. Standard Resistance, Serial No. 624178, 10 ohms: 
and Serial No. 649477, 100 ohms. 
SECONDARY CONTROLS; 
1. Leeds and Northrup Type K-2 Potentiometer, 
Serial No. 495180. 
2. Leeds and Northrup HS Galvanometer, 
Serial No. 643992. 
Sensitivity, 0.32 micro-volts/mm. 
Critical Damping Resistance (C.R.D.X.), 49 ohms 
Period, 6 seconds 
Resistance, 12.0 ohms 
3. Eppley Standard Cell, Serial No. 233715. 




TEMPER AT URE-EMF riELATIOH FOd COFPER-CGN&TAJSTA1* TiiLKMO COUPLE 
E = 35 .68852 t + 0 .04362747 t2 - 3 .210255 x 1 0 ~ 5 t 5 
R e f e r e n c e j u n c t i o n = 0°C 1 | iv = 1 0 " 6 v o l t s 
t°c ib-jlV uiiT.-juv t°C E-jUv diff.-fry 
1 35.73 35.73 56 1359.85 58.66 
2 71.55 55.82 57 1378.58 38.75 
3 107.46 35.91 38 1417.40 58.82 
4 143.45 5<~>. 9 9 39 1456.51 58.91 
5 179.53 36.08 40 1495.29 38.98 
6 215.70 36.17 41 1554.35 59.06 
7 251.95 56.25 42 1575.50 39.15 
8 288.28 56.33 43 1612.72 59.22 
9 324.71 36.43 44 165^.02 59.30 
10 361.22 56.51 45 1691.40 39.38 
11 397.81 36.59 46 1750.86 59.46 
12 434.49 36.68 47 1770.40 39.54 
13 471.25 56.76 48 1810.02 39.62 
14 508.10 36.85 49 1849.71 69.69 
15 545.04 36.94 50 1889.48 39.77 
16 582.06 37.02 51 1929.55 39.85 
17 619.16 37.10 52 1969.26 59.93 
18 656.34 37.18 53 2009.26 40.00 
19 693.61 37.27 54 2049.54 40.08 
20 730.96 37.35 55 2089.50 40.16 
21 768.40 37.44 56 ,U29.74 40.24 
22 805.92 37.52 57 2170.05 40.51 
23 843.52 37.60 58 2210.43 40.58 
24 881.21 37.69 59 <;250.90 40.47 
25 918.98 37.77 60 2291.44 40.54 
26 956.83 37.35 61 2332.05 40.61 
27 994.76 37.93 62 2372.74 40.69 
28 1032.78 58.02 63 2415.51 40.77 
29 1070.88 38.10 64 2454.35 40.84 
30 1109.05 38.17 w 2495.26 4.0.91 
31 1147.31 08 • 26 66 2536.25 40.99 
32 1185.66 58.35 67 2577.32 41.07 
33 1224.08 38.42 68 2618.46 41.14 
34 1262.58 38.50 69 2659.67 41.21 
35 1301.17 38.59 70 2700.96 41.29 
Appendix E Table IX 
(continued) 
t°c E-/iv tiiff ,-jiv t°C R-/1V tiiff .-juv 
71 ;;742.32 41.36 116 4676.81 44.48 
72 2785.76 41.44 117 4721.36 44.55 
75 2825.27 41.51 118 4765.97 44.61 
74 2866.85 41.58 119 4810.64 44.67 
75 2908.50 11.65 120 4855.38 44.74 
76 2950.23 41.75 121 4900.19 44.81 
77 2992.05 41.80 122 4945.06 44.87 
78 3055.90 41.87 123 4989.99 i4.93 
79 5075.84 41.94 124 5054.99 45.00 
80 3117.86 42.02 125 o080.05 45.06 
81 5159.95 42.09 126 5125.17 45.12 
82 3202.11 42.16 127 5170.55 45.18 
85 5244.34 42.23 128 5215.60 45.25 
84 3286.64 42.50 129 5260.91 45.51 
85 5329.02 42.58 130 5306.28 45.57 
86 5371.46 42.44 151 5351.72 45.44 
87 3413.98 42.52 152 5397.22 45.50 
88 3456.56 42.58 135 5442.78 45.56 
89 3499.22 42.66 134 5488.40 45.62 
90 5541.95 42.73 155 5554.08 45.68 
91 5584.74 42.79 136 5579.82 -15.74 
92 3627.61 42.87 137 5625.63 45.81 
95 3670.54 42.95 158 5671.49 45.86 
94 5715.55 45.01 139 5717.42 45.93 
95 3756.62 43.07 140 5765.40 45.98 
96 3799.77 43.15 141 5809.45 46.05 
97 3842.98 45.21 142 5855.56 46.11 
98 5886.26 43.28 143 5901.72 46.16 
99 5929.61 43.35 144 5947.95 46.25 
100 5973.05 43.42 145 5994.24 46.29 
101 4016.51 43.48 146 6040.58 46.54 
102 4060.06 43.55 147 6086.98 46.40 
103 4103.68 43.62 148 6155.45 46.47 
104 4147.57 43.69 149 6179.97 46.52 
105 4191.13 43.76 150 6226.55 46.58 
106 4234.95 43.82 151 6275.19 46.64 
107 4278.84 43.89 152 651b).89 46.70 
108 4322.79 43.95 155 6566.64 46.75 
109 4366.81 44.02 154 6413.46 46.82 
110 4410.90 44.09 155 6460.35 46.87 
111 4455.06 44.16 156 6507.^5 46.92 
112 4499.28 44.22 157 6554.24 46.99 
115 4543.56 44.28 158 6601.28 47.04 
114 4587.91 44.55 159 6648.38 47.10 
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Typical Data Sheet for Heat Capacity Determination 
Empty Calorimeter Can 
Secondary Operator 
October 20, 1947 
Time 
Hr:Min:Sec 














I . . :06:30 
12s 06:40 
12:06:50 
12 :07 :00 











Top-Body Gal. Can- Bottom-
Ad. Snield Ad. Sh. Body, 









+2.4 -0.3 -3.2 














•Galvanometer Scale Deflection, 1 cm = 0.025°C approximately 
APPENDIX B 
TABLE XII 
Heat Capacity of Calorimeter Can 




4 6,810 27.95 
5 6.875 35.15 
6 6.896 40.81 
7 6.973 55.01 
8 6.996 59.86 
9 7.093 69.40 
10 7.077 74.80 
11 7.208 79.71 
IB 7.187 85.01 
15 7.221 89.99 
14 7.479 120.38 
15 7.459 124.82 
16 7.504 liO . (did 
17 7.554 148.07 
APPENDIX B TABLE XI I I 99 
DATA FOR SPECIFIC HEAT OF NAPHTHALENE ( 2 0 ) 
emf -ytfv Temp. - °C 
s t a r t end s t a r t 
768.0 959.3 20.969 
.946.3 1081.3 25.722 
1025.4 1255.9 27.806 
1205.8 1312.9 32.524 
1488.5 1715.3 39.826 
1724.0 1919.2 45.826 
2268.8 2508.5 59.442 
2732.1 2927.1 70.753 
3233.0 3449.6 82.731 
A t Heat 
Input 
Heating 
I n t e r v a l 
AS 
C (n+can) Cp(can) S-cal 
gm °C 
end OC W-Watts Sec . 
w za> 6 
4.186 At 
c a l / o c Cp(n+can) - Cp(can) 
W 
6799" 26.065 5.076 0.49459 592.4 13.79 0.313 
29.273 3*551 0*21017 988.4 13.97 7.02 0.320 
33.826 6.020 0.49336 723.7 14.17 7.04 0.328 
35.303 2.779 0.27502 598.9 14.16 7.05 0.327 
45.606 5*780 0.49150 716.2 14.55 7 .11 0.342 
50.746 4.920 0*49072 616.4 14.69 7.14 0.347 
65.323 5.881 0.53337 681.8 14.77 7.23 0.347 
75.446 4.693 0.53163 591.5 16.01 7.28 0.402 
87.837 5.106 0.60723 564.0 16.02 7.41 0.396 
T20T 
See Appendix F for sample c a l c u l a t i o n of pos s ib l e e r ro r . 
APFENDD: B TABLE XIV 
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PUBLISHED DATA ON NAPHTHALENE 
SPECIFIC HEAT - CAL/gm- °C 
Southard (15) Huffman ( 1 6 ) 
and e t a l 
Brickwedde 
Andrews ( 1 7 ) Spaght (18) 
e t a l e t a l 
Alluard ( 2 1 ) Taylor ( 2 2 ) 
e t a l 


























Accuracy ± 0 . 1 # 
Heat of 










U 5 ) j # c > Southard and F . G, Brickwedde, J . Am. Chem. S o c , 
5 5 , 4378 (1933) . 
( l 6 ' H . M. Huffman, G. S . Parks , and A. C. Dan ie l s , J . Am. 
Chem. S o c , 52, 1547 ( l 9 3 0 ) . 
< " > D . H. Andrews, Geo. Lynn, and John Johnston, J . Am. Chem. 
S o c , 48 , 1274 (1926) 
( 1 S ) M . E. Spaght , S. B. Thomas, and G. S. Parks , J . Phys. Chem., 






0.3067 0.315 0.3360 
0.3254 0.332 0.3375 
0.3437 0.350 0.3390 
























( 2 1 ) A l l u a r d , Ann. Chim. Phys. (3) 57_. 438 (1859) 
( 2 2 ) c . A. Taylor and W. H. Rinkenback, J ^ Am. Chem. S o c , £6 
1504 (1924) . 
( 2 3 ) B a t t e l l i , A t t i 1 s t . V eneto (6) 3_ d i s p . 10, 1781 (1884-1885), 
( 2 4 ) s . U. P i cke r ing , P r o c Royal Soc . of London, 49 11 (1891) . 
APPENDIX TA3L5 ZV 
HEAT C, " AT A 
October 29 1947 Calor imeter Can Contains 21.74 gms. of Naphthalene. 
Pressure in Vacuum System * 10"^ mm. 
Time Temp. Heating Difference Thermocouples 
Min. of Sample Rate Top-Body CaJ»Caa- Bottom-
°C Cal /min. Ad. Sh . Ad. Sh. Body REHAPJffl 
Ad. S h . 
°C °C °C ?• 
0 74. , 
1.58 74. , 
2 .56 74. £47 +-0.03 
- s t 
4.98 75 . , 8.715 + 0.03 
23.00 79.871 8.724 -t-0.04 
35.78 80.074 8.721 
41.95 80. 8.720 4-0*01 
49.67 80.126 8.719 +-0.0J 
69. i 8.716 
85.37 80.361 8. ' i 
98 . 8.720 -0.02 
.32 82.379 8.717 
102.67 - s t o p 
103.53 82.720 
106.92 82.760 - c . 
110.42 82.760 











- 0 . 
•f-0.005 -0.07 
-0.005 
Vacuum System Pressure = ICPtem. 
Temp. Top Al. Shie ld = 80.1OC 
Temp. Top Al. Shie ld = 73.e cC 
Temp. Top Al. Shield = 7£?.9°C 
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APPENDIXES G, D, E, F, G, AhD H 
Sample Calculations 
APPENDIX C 
Effect of Thermal Heads on Calorimeter Can 
The procedure used was to adjust the adiabatic shield 
to a constant temperature difference between it and the 
calorimeter can. Then the calorimeter can temperature was 
read every minute for several minutes. The calorimeter can 
temperature was then plotted against time ana trie slope of 
the resulting line determined. This slope gave the change 
of calorimeter can temperature, t, witn respect to time, e, 
dt/de. This may be translated to actual heat loss in calories 
with respect to time by multiplying by the heat capacity of 
the can in cal/°C. 
If the slope of the line, dt/de, is 0.015°C/min and 
the heat capacity of the can is taken to be 7 cal/°C (an 
average value), then 
dq/de = 0.015°C/min x 7 cal/°C 
= 0.105 cal/min. 
When the time during 'which a given temperature 
difference between the calorimeter can aim adiabatic shield, 
exists is Known, the loss or gain of neat by ine calorimeter 
can may be determined. 
If the adiabatic shield was hotter than the calorimeter 
104 
can by 0.35°C for 50 seconds, 
Aq = 0.105 cal/min x 0.5 rain = 0.053 cal 




Calculation of Heat Capacity 
Temperature Change: 
Initial Temperature = 5227.9 micro-volts 
(from Appendix A Figure 16) 
Final Temperature = 2431*1 micro-volts 
(from Appendix A Figure 16) 
From Appendix B Table IX: 
82°C *= 5802.11 micro-volts 
83°C = 3244,34 micro-volts 
87°C = 5415.98 micro-volts 
88°C = 3456.56 micro-volts 
Initial Temperature - 3227,9 - 3202,11 + QO = 82 6]1°C 
3244.34 - 3202.11 
Final Temperature = 3431.1 - 3415.96 fl7 _ p~ A noon 
£-458.bo - 341o,98 
Average Temperature = 82.611 + 87,402 - e5.01°C 
CZi 
Temperature Change = 87.402° - 82.611° = 4.791°C 
Heat Input to Calorimeter Can Heater: 
144.14 watt-sec (from Appendix A Figure 15) = 54 433 cai 
4.18608 watt-sec/cal 
Heat Capacity •> 34.435 cal = 7 > 1 9 c a l/o C a t 85.01°C 
7±, (xix \J 
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APPENDIX E 
Calculation of Possible Error in Heat Capacity 
Temperature Rise: (See Figure 16 Apiendix A) 
Final Temperature = 3431.1 micro-volts -0.9 micro-volts 
Initial Temperature = 5227.9 micro-volts - 0.5 micro-volts 
Temperature Rise = ^03.2 micro-volts ± 1.2 micro-volts 
± 0.55$ 
Heat Input; (See Figure 15 Appendix A) 
144.14 watt-sec ± 0.07 watt-sec 
± 0.05$ 
Heat Loss: An average rate of heat loss is taKen as 
0.05 cal/min from drift rate measurements. 
(See Appendix C) 
The time during which this rate obtained is 
taken to be 80 seconds. 
Then: 
0.05 cal/min x SO min = C.017 cal 
60 
QtlflZ - 0. 05$ 
34.4 (heat input) 
This uncertainty in heat loss is believed 
to be the maximum under normal operating 
conditions. 
Total: 
0.55% + 0.05$ + 0.05$ = 0.65$ 
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APPKM5IX F 
P o s s i b l e Error In Heat Capacity Of Naphthalene 
1 . Weight of Naphthalene, W: 
Weight i n Air = 21.7888 gms. - 0.0002 gms. 
Weight i n Vacuo ' = SI.7854 gms. ~ 0.0004 &ms. 
fapor l o s s Cor rec t ion = 0.04:5 gms. t Q.Q2 ggygj 
Weight of Sample = 21.740 gins ± 0.0S gms. 
i0.092^ 
(25) 
2. Temperature Rise: 
l.a micro-volts = * Q.55^ 
;-J03.2 micro-volts 
S. Heat Input: 
0.07 watt-sec m ± o.05^ 
144.14 watt-sec 
4. Heat Loss: ^ ' 
± 0.05^ 
5. Heat Capacity of Calorimeter Can, Cp (can): 
From Curve (Figure 7) = 7.00 cal/°C | 0.045 cal/°C 
Correction (Excess Solder) = 0.19 cal/°C j 0.060 cal/°C 
Cp(can) = 7.19 cal/°C ± 0.105 cal/°C 
± 1,46$ 
"(257 
See Appendix E for detailed calculation. 
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Appendix F (continued) 
6. Heat Capacity of Naphthalene, Cp(^)j 
Cp(N) * Gp (H + Can) - Cp (Can) 
Possible Error in C (Can) = ± 0.105 cal/°C 
Possible Error in C-(N + Can) = 
(26) 
(0.55% + Q.Gb% + Q.0b%) 14 = ± 0.091 cal/°C 
Possible Error in Cp(N + Can) - Cp(Can) = 
0.105 + 0.091 = 0.196 
!*i££ = 2.8^ 
n (87) 
Possible Error i n Cr)(N) = 
29Qfo + 0 . 0 9 2 $ = S . 8 9 S $ = 2mQ% 
Wj 
Average value from Appendix B Table XIII. 
(27) 
Average value of Cn(W) in cal/°C from Appendix B 
Table XIII. p 
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AFPEiVDIX G 
Sample Calculation Of Heat Capacity Of Naphthalene 
Temperature Change, At: 
initial, t^ = 768.0 micro-voles 
final, tg = 959.3 micro-volts 
from Appendix B Table IX: 
S0°C = 730.96 
21°C = 768.40 
£6°C = 956.83 
27°C = 994.76 
t-L = 768,0 - 750.96 + ^0 = 20.989°C 
768.40 - 730.96 
t? - 959,5 - 956,35 + £6 = £6.065°C 
994.76 - 956.83 
4t = £6.065 - 20.989 = 5.076°C 
Average t * £6.065 + ^0.989 = £3 53°C 
2 
Heat Input, W (40): 
W = 0.49459 watts, 4*= 592.4 sec. 
W 4 0 m Q.49459 x 59S.4 = 6 9 . 9 9 c a l . 4.186 4 # 1 8 6 
Heat Capacity of Naphthalene + Can: 
A 0
 A = 68^99 * 13.79 ca l / °C a t ,oo.5°C 4.186 4 t 57076 
xxO 
Appendix G (continued) 
Heat Capacity Of Calorimeter Can; 
C (from Figure 7) = 6.80 cal/°C at 25.5°C 
Correction = +0.19 cal/°C (from page 75) 
C = 6.80 + 0.19 = 6.99 cal/°C 
Specific Heat Of Naphthalene; 
Weight i n vacuo, of naph tha l ene , W, = 21.740 gins. 
S - Cp(N + Can) - Cp(Can) _ j g . 7 9 - 6.99 
~: ^ " 21.740 
0.515 cal/gm °C at 23.5°C 
Ill 
APPENDIX H 
Sample Calculation Of Heat Of Fusion 
1. Initial Temperature (From a plot similar to Appendix A 
Figure 16) 
2906,5 - 2666.85 + 74 = 74 947°C 
41.65 
2. Melting Point (From a plot similar to Appendix A 
Figure 14) 
5128,9 - 5117.86 + 8 0 = 80.120°C 
42.09 
3. Final Temperature (From a plot similar to Appendix A 
Figure 16) 
5254,2 - 5202.11 + 82 = 82.760°C 
42.25 
4. Average Temperature Of Solid Naphthalene 
80.120 + 74,947 - 77 5o G 
2 
5. Average Temperature of Liquid Naphthalene 
82.760 + 80.120 _ Q 1 4o C 
2 
6. Total Heat Input (From a plot similar to Appendix A 
Figure 15) 





Appendix H (continued) 
7. Heat Capacity Of Calorimeter Can + Naphthalene 
Sample Weight = 21.74 gms. 
Average 
Temp. °C 






















8. Heat Required To Heat To Melting Point 
15.74 (80.120 - 74.947) = 81.42 cal 
9. Heat Required to Heat From Melting Point To Final Temperature 
15.87 (82.760 - 80.120) = 41.89 cal 
10. Heat Required to Melt Naphthalene 
870.1 - 81.42 - 41.89 = 746.8 cal 
11. Heat Of Fusion 
!!§£§ = 34.4 cal/gm 
